Surgeons remain concerned that ceramic hip prostheses may fail catastrophically if either the head or the liner is fractured. We report two patients, each with a ceramic-on-ceramic total hip replacement who sustained high-energy trauma sufficient to cause a displaced periprosthetic acetabular fracture in whom the ceramic bearings survived intact. Simultaneous fixation of the acetabular fracture, revision of the cementless acetabular prosthesis and exchange of the ceramic bearings were performed successfully in both patients. Improved methods of manufacture of new types of alumina ceramic with a smaller grain size, and lower porosity, have produced much stronger bearings.
The use of ceramic-on-ceramic bearing total hip replacement (THR) has been advocated for younger patients with osteoarthritis because they wear less and last longer. 1 However, previous reports of catastrophic failure of the ceramic bearing surfaces have limited the use of these implants. 2, 3 Consequently, many surgeons advise patients with hip implants to avoid activities which involve heavy impact. With earlier devices failure of the ceramic bearing was attributed to deficiencies in manufacture. These have subsequently been addressed. 4 We report two patients with modern ceramic-on-ceramic THRs who sustained a periprosthetic acetabular fracture after highenergy trauma and in whom the retrieved ceramic bearings were not damaged by the impact. Each was treated successfully by simultaneous fixation of the acetabular fracture, revision of the acetabular prosthesis and exchange of the ceramic bearings.
Case reports
Case 1. A 45-year-old man underwent a left hybrid THR (Trident cementless acetabular shell, alumina ceramic-on-ceramic bearings Exeter cemented femoral component; Stryker, Newbury, United Kingdom) for osteoarthritis without complication.
Three years later he crash-landed his glider and, in a seated position, sustained two sequential impacts at an estimated speed of 60 miles per hour. He had a combined pelvic ring and acetabular injury, consisting of bilateral sacral fractures, diastasis of the symphysis pubis and a displaced transverse fracture of the left acetabulum (Fig. 1a) . This periprosthetic fracture of the acetabulum was associated with displacement of the acetabular component of the THR. After initial stabilisation with a pelvic external fixator, he was transferred to the regional pelvic and acetabular trauma unit for reconstructive surgery. The pelvic ring was initially stabilised by closed reduction and percutaneous fixation of both sacroiliac joints with 6.5 mm cannulated screws and then by open reduction of the symphysis pubis and fixation with a six-hole plate and screws. Using a Kocher-Langenbeck approach, the acetabular component was removed and the acetabular fracture reduced and stabilised with a lag screw in the anterior column and a lag screw and plate applied to the posterior column. Morcellised allograft bone was impacted into the reconstructed acetabulum and a new Trident cementless multihole hemispherical acetabular shell (Stryker UK) was inserted and secured with screws. A new ceramic liner was inserted and the 32 mm ceramic modular head was exchanged.
Post-operatively, he was mobilised touch weight-bearing on the left leg for six weeks and then partial weight-bearing for a further six weeks. He made an uneventful recovery. The pelvic and acetabular fractures healed and he regained full function of his hip (Fig. 1b) . Case 2. A 66-year-old man underwent an uncomplicated right hybrid THR (Trident and Exeter implants with alumina ceramic-onceramic bearings; Stryker UK) for osteoarthri-tis. Two years later he was involved in a road-traffic accident and sustained an open fracture of the proximal left femur, closed fractures of the left scapula and right humerus and a displaced transverse periprosthetic fracture of the right acetabulum (Fig. 2a) . Revision THR was performed through a Kocher-Langenbeck approach with removal of the cementless acetabular shell, ceramic liner and modular femoral head. Reduction and stabilisation of the acetabular fracture were undertaken with an anterior column screw and posterior column plate. A new cementless multihole Trident acetabular shell, ceramic liner and modular 32 mm head (Stryker UK) were used.
His recovery was delayed by his other injuries but, after six months, the acetabular fracture had united and he had recovered the function of his hip (Fig. 2b) .
Analysis of retrieved ceramic implants
The retrieved acetabular and femoral head components were examined by their manufacturer (CeramTec AG, Plockingen, Germany). No macroscopic damage of the ceramic bearings was detected in either case. Dye-fluid treatment did not reveal surface cracks in either case or any other damage to the surface of the bearing in case 2. However, in case 1, there were corresponding half-moon-shaped areas of 'surface deterioration' measuring 1 mm in length on both bearing surfaces. These were thought to have resulted from high-stress contact and shear of the two ceramic surfaces at the moment of impact (Fig. 3) . The quality assurance investigation concluded that "no significant damage has been created on the parts which would have limited in vivo function".
Discussion
Ceramic hip components were introduced in the 1970s. 5 Alumina ceramics are very hard, ionic and hydrophilic, 5, 6 and have a very low rate of wear. 7 The alumina wear particles are relatively biocompatible and smaller than those produced by metal-on-polyethylene prostheses, which may be associated with osteolysis and aseptic loosening. 2, 3 Despite these favourable characteristics, some ceramic prostheses have failed catastrophically. 2, 3, 8, 9 The early ceramic bearings were manufactured with a larger grain size, high porosity and minor defects in the alumina surface, which reduced the strength of the ceramic. They had reported rates of fracture between 0% and 1.7%. 3, 10 The importance of the manufacturing process and type of ceramic was highlighted by reports of a faulty batch of zirconia femoral head implants of which one-third fractured. 4 New formulations of alumina ceramic are much stronger, with a smaller grain size and lower porosity. A recent review of 35 000 cases has suggested that, with modern manufacturing techniques, the rate of fracture of ceramicon-ceramic bearings may be as low as 0.06%. 11 These fractures have mostly been attributed to impingement of the neck of the femoral component on the rim of the ceramic liner.
In our two cases, despite the fact that a very high impact force acted on the ceramic bearings of the THR, no significant damage occurred to the bearing couple, while the surrounding bone failed resulting in a displaced periprosthetic fracture of the acetabulum. Human bone is weaker and less stiff than alumina oxide ceramics (strength 100 MPa and 600 MPa, respectively). The periprosthetic fractures were successfully treated by simultaneous fixation of the acetabular fracture, revision of the acetabular prostheses and exchange of the ceramic bearings.
Most orthopaedic surgeons advise their patients with ceramic implants to avoid high-impact activities to minimise the risk of catastrophic failure. 2, 12 This advice may seem unrealistic in younger patients with higher functional demands. All ceramic prostheses have been non-destructively proof-tested since the early 1990s. 13 The Food and Drug Administration in the United States sets a minimum burst strength of 48 kN for alumina prostheses and recent implants have a tested burst strength of 98 kN. 6 These forces are greater than those observed under physiological conditions.
14 Nonetheless, caution is still advisable since repeated high-impact stresses, rather than the single episode reported in our cases, may increase the risk of crack propagation and subsequent ceramic failure.
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